Abstract Pseudoaneurysms of the branches of the external carotid artery as a result of trauma are rare in oral and maxillofacial surgery practice. The most affected branches are the superficial temporal artery, internal maxillary artery and distal part of facial artery, usually where they pass over the bone. Very few cases of facial artery pseudoaneurysms of proximal parts (from external carotid artery up to the lower border of the mandible) are reported in the literature. We present a review of literature for management of late post-traumatic pseudoaneurysmal cyst and a case report involving proximal part of facial artery in the submandibular region following open reduction and rigid fixation of the condylar fracture in a 25-year-old male. To our knowledge this is the fourth reported case of proximal facial artery pseudoaneurysm.
Introduction
A pseudoaneurysm or false aneurysm is leakage of blood through disrupted arterial wall into the adjacent tissue with a persistent communication between them. True aneurysms are actual dilations of the intact vessel wall without leakage. A pseudoaneurysm is most often the result of blunt trauma and presents several days or weeks after the injury [1] . Predisposing factors include infection, radiotherapy, poor nutrition and malignancy [2, 3] . Pulsatile swelling, pain, associated palpable thrill, audible bruit, or unexplained neurological deficits are common physical findings.
Pseudoaneurysms of the branches of the external carotid artery (ECA) are rare as they are in deep, protected locations. Hence trauma usually results in total transection rather than partial laceration. The most affected branches are the superficial temporal artery, internal maxillary artery and distal part of the facial artery, usually where they pass over the bone [4] and become more vulnerable to blunt or penetrating trauma.
We present a review of literature for management of late post-traumatic pseudoaneurysmal cyst and a case report involving proximal part of facial artery in the submandibular region. To our knowledge this is the fourth reported case involving proximal part of facial artery.
Case Report
A 25-year-male presented to us with a swelling in the left preauricular region following open reduction and rigid internal fixation (ORIF) for condylar fracture at local hospital. After unremarkable initial recovery period of 2 weeks, he developed this progressively growing swelling associated with dysphagia, mild dyspnoea and inability to close his left eye. Clinically, a large, tense, ill defined swelling measuring 6 cm 9 6 cm was seen over cheek extending from ala-tragus line to inferior border of mandible superoinferiorly and from modiolus to mastoid region anteroposteriorly (Fig. 1 ). Pulsations were felt only in the centre of the lesion and surface temperature was raised. A bluish black lumpy swelling was seen protruding in the external acoustic meatus. Left lower motor neuron facial palsy involving all the branches predominantly affecting the frontal and zygomatic branches was present. Air conduction in the left ear was absent but bone conduction was intact. Intraorally, the uvula was deviated to the right side. Aspiration showed presence of blood in central part of the lesion and post aspiration, there was no continuous bleeding.
Colour doppler revealed a well defined cystic lesion posterior to the angle of the mandible highly suggestive of a pseudoaneurysm. Turbulent flow was noted in the patent lumen of the thrombus. The computed tomography (CT) images revealed a large pseudoaneurysm extending from the carotid bifurcation inferiorly to the base of the skull superiorly measuring 6 cm 9 7 cm obliterating the left parapharyngeal space and the masseter muscle (Fig. 2) . Peripheral thrombosis of the lesion could be appreciated. The internal jugular vein and common carotid artery on the right side appeared normal. The exact origin of the lesion could not be evaluated on CT scan images. Digital Subtraction Angiography (DSA) confirmed the nature of lesion (Figs. 3, 4) and identified proximal part of facial artery to be the origin of the pseudoaneurysm. The branches of the left external carotid artery appeared to be stretched, splayed and draping around the mass of the aneurysm. Ipsilateral internal maxillary artery was thrombosed in the middle segment and filling of the distal segment was seen via the collateral supply given by the branches of the left lingual artery. The left internal carotid artery showed normal caliber, contour and branching pattern in its intracranial course.
The lesion was very superficial and the risk of uncontrolled bleeding was minimal, intralesional sclerotherapy was planned to alleviate the patient's symptoms. Two ml of 3 % Sodium Tetradecyl Sulphate was injected intralesional under local anesthesia. A total of fifteen injections were given every alternate day over a period of 30 days. There was mild tissue irritation and subsequent abscess formation in the submandibular space which was managed with incision and drainage. All signs and symptoms were alleviated following sclerotherapy. The facial palsy improved over a period of 3 months. The patient was asymptomatic at 12 months follow-up (Fig. 5) . 
Literature Scan and Discussion
Pseudoaneurysms of facial artery usually arise from the distal part of the vessel (from the lower border of the mandible up to the medial canthal region) where it is vulnerable to trauma as it crosses the mandible [4] [5] [6] [7] [8] . Very few cases of facial artery pseudoaneurysms of proximal part (from external carotid artery up to the lower border of the mandible) are reported in the literature [9] . Aneurysms of superior and inferior labial arteries are considered extremely rare [10] [11] [12] .
Aneurysm may be true or pseudo. True aneurysm is a dilation of the intact vessel wall consisting of all three layers namely intima, media and adventitia. Pseudo or false aneurysm, an uncommon consequence of arterial damage, does not have these three layers in its histological picture. It is a rare vascular complication that results from an incomplete tear of vessel wall causing blood to flow through the laceration into the surrounding tissues resulting in tamponade and clot formation [13] . The arterial flow pressure is incompletely counterbalanced by the adjacent fibrous tissue containing the hematoma. Gradually the size of the mass increases due to the persistent leakage and finally results in pseudoaneurysm [14] . The wall of the pseudoaneurysm consists of perivascular fibrous tissue. The haematoma usually liquefies and communication between artery and aneurysmal sac persists. The time between the injury and clinical presentation of pseudoaneurysm can vary from days to years [13] . If the condition remains undiagnosed, early or late massive postoperative bleeding can occur after surgery in that anatomical territory.
Infection, radiotherapy, poor nutrition, and malignancy are predisposing factors for the development of pseudoaneurysm [2, 3] . The main etiological factors include arteriosclerosis, trauma, infections, cystic medial necrosis, fibromuscular dysplasia and congenital anomalies [15] . In the literature, pseudoaneurysms of the branches of external carotid artery have been reported following tonsillectomy [16] , neck dissection [17, 18] and ORIF of a mandibular fracture [19, 20] , Le Fort I osteotomies [21, 22] , temporomandibular joint surgery [23, 24] , and mandibular vertical ramus osteotomy [25] . Majority of reports have described blunt trauma [14, 26, 27] and penetrating injuries [4, [28] [29] [30] as the most common etiological factor.
Diagnosis of a pseudoaneurysm is mainly based on clinical examination. Physical findings are pulsatile swelling, pain, associated palpable thrill, audible bruit or unexplained neurological deficits. Pathognomonic presence of pulsatile mass or a typical systolic bruit during auscultation [19] . Needle aspiration of suspicious lesions should be avoided because of the risk of bleeding which may be difficult to control in an office setting [31] . In our case, we aspirated the lesion in hospital setting as it was very superficial. Imaging is important to define the localization and extent of the lesion. Color doppler ultrasonography has been suggested as a screening method by Nadig et al. [18] due to vascular nature. Though contrast enhanced CT defines the dimensions of the lesion and its relation to surrounding structures, but may not clearly show the vascular abnormalities in partially developed pseudoaneurysms. Thus angiography becomes an essential tool to confirm the diagnosis [19] . Differential diagnosis includes hematoma, abscess, inflamed lymph node, lipoma, cyst, and pleomorphic adenoma [31] . The final diagnosis of pseudoaneurysm is made by the pathologist, who can microscopically distinguish true from false aneurysm, depending on the layers of the vessel wall involved [13] .
Many different modes of treatment for pseudoaneurysm have been described in the literature. These include compression of the aneurysm until flow is arrested, embolization of the pseudoaneurysm, and surgery, with excision of the affected portion of the artery [32] . Generically, the mode of treatment may be divided into noninvasive and invasive techniques. Noninvasive modalities include observation and compression. Compression can be achieved with manual pressure or by ultrasound guided compression; both techniques attempt to convert the vascular lesion into a hematoma by accelerating spontaneous thrombosis. The success of this therapy depends on elimination of the blood flow in the pseudoaneurysm sac for 15-30 min [33, 34] . Some studies have shown that as many as 89 % of untreated pseudoaneurysms resolve in 5-90 days [33, 35] . Most of the lesions are known to reduce spontaneously in 5-90 days. In our 40 days old case, sclerotherapy was instituted to manage dysphasia and mild dyspnoea and facial palsy.
Compression can be achieved by placing an ultrasoundDoppler probe over the neck of the pseudoaneurysm until flow is arrested. The success rate of 60-90 % has been reported with this time consuming, and painful method [36] . Treatment of a pseudoaneurysm with invasive techniques include surgical excision [37] , percutaneous embolization [38] [39] [40] , or both [41] . With the development of endovascular techniques, embolization is becoming popular. Materials used for embolization include particles, coils, balloons, or liquids such as cyanoacrylate or alcohol [42, 43] .
Percutaneous embolization is performed by direct puncture and injection of thrombin under ultrasound guidance. Method utilizes materials that occlude the vessel, either temporarily or permanently, resulting in conversion of the pseudoaneurysm into a hematoma, which then resorbs over time. Metallic coils, polyvinyl alcohol particles, and absorbable gelatin sponge are the most common embolic agents. Iso-cyanoacrylate and bovine thrombin are used less frequently. Percutaneous embolization is a safe, quick, and effective technique for treatment of pseudoaneurysms. The most important advantage of this technique is the ability to readily reach damaged vessels that are difficult to approach surgically [25, 44, 45] .
Dediol et al. [13] advocated the surgical management as a treatment of choice for pseudoaneurysm with signs of local infection. The pseudoaneurysm in our case was located in the retromandibular region in the proximal part of the facial artery and did not show signs of infection. Extension to lateral pharyngeal wall excluded the use of compression. Embolization was not possible due to partially thrombosed nature of the lesion as suggested by interventional radiologist. Hence, sclerotherapy was instituted. However the decision making depends on the location and accessibility of the area. Vogelaere [46] studied his case of pseudoaneurysm involving superficial temporal artery and considered surgical resection as definitive management as it eliminates the risk of spontaneous rupture and hemorrhage. There are no consequences to tissue perfusion with ligation of these branches and the risk of perioperative complications is minimal [13] .
Though spontaneous regression has been reported to occur in most cases over a period of 90 days; in head-faceneck (HFN) region, slow progressive and late development of symptoms like dyspnoea, dysphagia and facial palsy warrant treatment. Aspiration of the lesion with intralesional injection of sclerosing agent can be a good option. In cases of rapid progression of similar symptoms in HFN region, invasive procedure is recommended.
